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RESULTS AND DISCUSSION -23 
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s i : 
I N T R O D U C T I O N 
Tremendous amount of work has been done in the area of 
membrane s c i e n c e . This inc ludes mainly the emf measurements 
of ion t r a n s p o r t across the a r t i f i c i a l memebanes even though 
s i m i l a r at tempts have a l so been made employing the biomem-
b r a n e s . 
The permeabi l i ty of b i o l o g i c a l membranes i a h igh ly s e l -
e c t i v e in n a t u r e . The flow of molecules and ions between a 
c e l l and i t s environment i s p r e c i s e l y r egu la t ed by s p e c i f i c 
t r a n s p o r t systems/mechanisms. These have s e v e r a l impor tan t 
r o l e s , for example they 
( i ) r e g u l a t e the c e l l volume and mainta in the i n t r a c e l l u l a r 
pH as well as i on ic composit ion wi th in a narrow range 
to provide a favourable environitient for the enzyme 
a c t i v i t y ; 
( i i ) e x t r a c t and c o n c e n t r a t e the metabol ic Ifuels and b u i l -
ding blocks from the environment and ex t rude t he t o x i c 
subs tances ; and 
( i i i ) gene ra t e the i o n i c g r a d i e n t s t h a t are e s s e n t i a l fo r t he 
e x c i t a b i l i t y of nerves and musc les . 
The t r an spo r t p rocess may be c a t e g o r i s e d as a p a s s i v e 
or an a c t i v e . This depends upon the change in the f r e e - e n e r g y 
of the spec ie s from one s i d e where i t i s p r e s e n t a t a conce -
n t r a t i o n of C^  to the o the r where i t i s p r e s e n t a t a concen-
t r a t i o n of C^ i s AG =RT In {C^/C ) . 
2s 
For a charged s p e c i e s , the e l e c t r i c a l p o t e n t i a l across t h e 
membrane must alt^o be coru^idered. Thus the sum of the conce -
n t r a t i o n and the e l e c t r i c a l terms i s c a l l e d the e l e c t r o c h e -
mical p o t e n t i a l . The f ree-energy change i s then given by 
AG =RT In (C2/C ) + zF AV 
in which z i s the e l e c t r i c a l charge of t h e t r anspo r t ed s p e -
c i e s , AV i s the p o t e n t i a l i n v o l t s across the memberane, 
and F i s the Faraday c o n s t a n t (23.062 k c a l V~ mol~ ) . 
A t r a n s p o r t process i s considered as an a c t i v e when 
AG i s p o s i t i v e , otherwise i t i s pass ive when AG i s n e g a t i v e . 
Active t r a n s p o r t r equ i re s an i npu t of f r ee -ene rgy , whereas 
pa s s ive t r a n s p o r t can occur spon taneous ly . 
Severa l theor ies have been put forward t o exp la in the 
s t r u c t u r e of biomembranes with the help of which the t r a n s -
p o r t of ions across these membranes have been I n v e s t i g a t e d . 
The permeation of ions across the membranes i s known 
(1-4) t o depend upon the s i z e of the pores l i ned by c h a r g e s , 
w a t e r / f l u i d so lub le c a r r i e r molecules as wel l as on the 
homogeneous d i e l e c t r i c medium having the r a t e l i m i t i n g ' g a t e 
mechanism* a t t h e i r s u t f a c e s . The permeation of ions ac ros s 
a membrane, whether n a t u r a l or a r t i f i c i a l seems to fol low 
s i m i l a r mechanisms. In a d d i t i o n , the membrane s t r u c t u r e 
and the boundary cond i t ions a t the membrane /e lec t ro ly te i n t -
e r f ace determine the s e l e c t i v e na tu re of ion d i f fu s ion /pe rm-
s3t 
e a t i o n . In order to understand the d e t a i l s of d i f f u s i o n / 
permeation; c o l l i s o n - , jump-, c a r r i e r - , and s o l v e n t d r a g -
mechanisms have been put forward. 
In the case of h y d r o p h i l l i c groups in the membrane 
the pe rmeab i l i ty has been found (5,6) to be f a c i l i t a t e d 
through the formation of hyarogen bonds with wate r . In 
such cases the hole typeand the alignment t y p e - d i f f u s i o n 
mechanisms have been repor ted (7) for the permeation of 
i o n s . These mechanisms find suppor t from the e l e c t r i c a l 
r e s i s t a n c e d a t a of s e v e r a l membranes ( 8 ) , Attempts have 
a lso been made (9-11) to exp la in the process of permeat ion 
of ions in terms of the b inding e n e r g e t i c s of i o n - p r o t e i n 
and ion-water i n t e r a c t i o n s . 
I t has a lso been proposed (12,13) t h a t a p e n e t r a t i n g 
ion forms and ac t iva ted complex which i s composed of c h a -
nnel s i t e s , a ca t ion and an anion. The anionic channel s i t e 
a t t r a c t s and r e t a i n s a c a t i o n as s h o r t - l i v e d a s soc ia t ed 
i o n - p a i r s which may e i t h e r decay by d i s s o c i a t i o n of anion 
or of an ion-ca t ion p a i r s . 
Thus, in view of the sa id i n v e s t i g a t i o n s a thorough 
s tudy of e l e c t r i c a l conductances of ions across the blome-
mbranes has yet to be under taken . This has led/prompted to 
s tudy the e l e c t r i c a l conductances of ions in both t h e com-
partments on the two s ides of the p e r i c a r d i a l membrane 
which surrounds hea r t and may r e g u l a t e the flow of i o n i c / 
s4: 
solvated ionic entities as well as those of the solvent 
molecules through the process of dilfusion or that of 
osmosis. Such an Investigation may help in the clinical 
aspects of heat strokes, effects of excessive perspiration 
on heart or in general dehydration caused by one process 
or the other apparently seem to be associated with the 
regulation and maintenance of ionic/fluid equilibria around 
the protected organs through such biomembranes^ 
:5: 
E X P E R I M E N T A L 
The p e r i c a r d i a l membrane of buf fa lo removed immedia-
t e l y a f t e r s l a u g h t e r of r e l a t i v e l y young (aged between 
18-24 months) animal from the s l augh te r house was preserved 
in i c e cold Ringer 's s o l u t i o n of about 7.4 + 0.2 pH in o rde r 
to p reven t the decay of membrane t i s s u e s . The R inge r ' s 
s o l u t i o n had the following composit ion in g r a m s / l i t r e : 
NaCl (9.U), KCl (0 .42) , CaCl2 (0 .24 ) , g lucose (1.00) and 
NaHCOg ( 0 . 1 5 ) . 
The membrane p ieces of adequa te /des i red si:Te were 
washed s e v e r a l times with double d i s t i l l e d water t o remove 
any t r a c e s of ions of R inge r ' s s o l u t i o n . I t was then placed 
between the two halves of the c e l l compartment provided with 
plat inum e l e c t r o d e s . After f i l l i n g the two halves of the c e l l 
compartment with each of the e l e c t r o l y t i c s o l u t i o n s (NaCl, 
KCl, and Na^ HPO.) of d e s i r e d concen t r a t ion the conductances 
or the r e s i s t a n c e s were recorded with the he lp of an LCR 
br idge (E l i co , Hydrabad). The c e l l assembly was immersed in 
a thermostated bath of + 0 .1° thermal s t a b i l i t y main ta ined 
a t 25°C. 
:5: 
RESULT AtJD DISCUSSION 
The electrical resistances of electrolytic solutions 
were recorded as a function of concentration. By employing 
the cell constant/ the specific conductances, k, were 
evaluated (Tables 1 to 21). An examination of these tables 
reveal that the conductances show an increase in one of 
the compartments while a corresponding decrease in the 
other. Such a simple observation may throw some light on 
the selective nature of diffusion of one type of ions acr-
oss the pericardial membrane. As a result of diffusion of 
ions the rate of which is quite fast, the concentration 
of ions increases in one of the cell compartments separa-
ted through the pericardial membrane. Similarly, there 
seems to be a sort of maximum capacity of these membranes 
in permitting the diffusion of ions in each of these ele-
ctrolytic solutions as apparent from either very little 
or even no change at all in the k values, or in other words, 
the diffusion of ions is quite fast and there seems to be 
no change after an almost constant value is achieved. The 
saturation point thus reached dissuades the Incoming Ions 
which, in turn, hinaer. their diffusion through the chann-
els of similar electrical charges as on the diffusing ions. 
It, therefore, seems that the repuliiive forces experienced 
by the ions attempting to reach near the channels of the 
pores send them back to the bulk of the solution and there-
by resulting in an almost no change in the ionic conductanc-
es. Alternatively, similar charges of one type of ions when 
• 7 • 
Table 1; Spec i f i c conductance of o.UOOl M NaCl s o l u t i o n in 
the two c e l l conipartfflents s epa ra t r a through t h e 
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1. Diffusion of ions across t h e membrane seems to be q u i t e f a s t 
as apparent from almost no change in the s p . cond. va lues 
of the two s i de s of the membrane in the two c e l l compart-
ments . 
2. Ratio of s p e c i f i c conductanfce of two compartments 1:2 to 
1:2.5 
Table 2; Spec i f i c conductance of O.OOlM NaCl s o l u t i o n in t he 
two c e l l compartnients separa ted through the p e r i c a r -
d i a l membrane. 
i 8 : 
L e f t s i d e o f c e l l 
C o m p a r t m e n t 
(k r e c o r d e d a t an i n t e r v a l 
of 2 m t s . e a c h . ) 
R i g h t s i d e of t h e c e l l 
c o m p a r t m e n t 
(k r e c o r d e d a t an i n t e r v a l 
of 2 m t s . e a c h . ) 






( k i n IK ) 
2 . 6 
3 . 2 
3 . 1 
3 . 1 
3 . 1 
1 . D i f f u s i o n i s f a s t 
2 . R a t i o of s p . c o n d . of l e f t s i d e t o t h a t of r i g h t s i d e 1 :2 
T a b l e 3 ; S p e c i f i c c o n d u c t a n c e o f O.OOIM NaCl s o l u t i o n r e c o r d e d 
a t an i n t e r v a l of 2 m i n u t e s e a c h . 
L e f t R i g h t 
(K i n lOOp mhos) 
3 . 3 
3 .4 
4 . 3 
4 . 4 
4 . 3 
4 . 5 
4 . 0 
3 . 7 
(k i n lOOp mhos) 
b . 7 
8 . 5 
8 . 5 
9 . 0 
9 . 2 
9 . 1 
8 . 2 
7 . 3 
: 9 i 
3 . 2 7 . 1 
3 . 1 5 . 0 
2 . 0 5 . 0 
2 . 0 o.O 
L. D i f f u s i o n i s f a s t 
I, R a t i o of t h e two s i d e s 1:2 
T a b l e 4 ; S p e c i f i c c o n d u c t a n c e of O.lM NaCl ( i n l O K ) . R e a d i n g s 
r e c o r d e d a t an i n t e r v a l of 2 m i n u t o s eac ih . 
L e f t R i g h t 
2 . 7 5 . 3 
2 . 7 5 . 3 
2 . 8 5 . 4 
2 . 8 4 . 8 
2 . 6 . 5 . 0 
2 . 4 4 . 9 
2 . 4 4 . 9 
2 . 2 5 . 1 
2 . 5 4 . 8 
2 . 5 4 . 9 
2 . 5 4 . 9 
2 . 5 4 . 9 
2 . 5 4 . 9 
I. Diffusion is fast 
>. Ratio of the two side 1J2 
: 1 0 ; 
T a b l e 5 : S p e c i f i c c o n d u c t a n c e o f IM NaCl s o l u t i o n ( i n lOOK) 
a t an i n t e r v a l of 2 m i n u t e s e a c h . 
L e f t R i g h t 
1.4 2 . 7 
1 .5 3 . 0 
1.6 3 . 1 
1 .6 3 . 0 
1.7 3 . 2 
1.7 3 . 1 
1 .5 3 . 1 
1 .6 3 . 1 
1.6 3 . 1 
1 .6 3 . 1 
1.6 3 . 1 
T a b l e 6 ; S p e c i f i c c o n d u c t a n c e of O.OOOIM KCl ( i n 100^ mhos) 
a t an i n t e r v a l of 2 m i n u t e s e a c h . 
L e f t R i g h t 
3 . 5 7 . 0 
4 . 0 7 . 4 
4 . 1 7 . 8 
4 . 3 8 . 0 






1. Diffusion is fast. 
2. Ratio 1:2 
Table 7; Specific Conductance of O.OOOIM KCl (in IK) at 










1. Diffusion is fast. 
2. Ratio 1:3 (or 1:3.5) 
1 2 : 
T a b l e 8 ; S p e c i f i c c o n d u c t a n c e of U.OOIM KCl ( i n IK) a t 
a t i n t e r v a l of 2 m i n u t e s e a c h . 
L e f t R i g h t 
1 .5 3 . 2 
1.6 3 . 2 
1 .5 3 . 2 
1 .5 3 . 2 
1 .5 3 . 2 
1 .5 3 . 2 
1 . D i f f u s i o n i s f a s t . 
2 . R a t i o 1:2 
T a b l e 9 ; S p e c i f i c C o n d u c t a n c e of O.OlM KCl ( i n IK) a t an 
i n t e r v a l of 1 m i n u t e e a c h . 
L e f t R i g h t 
8 . 1 17 
8 . 2 10 
8 . 1 17 
8 . 6 13 
8 . 4 18 
8 . 3 18 
8 . 2 18 
8 . 1 18 
: 1 3 J 
8 . 3 18 
H.2 17 
8 . 0 17 
8.U 17 
8 . 0 18 
8 . 3 18 
8 . 3 18 
1 . D i f f u s i o n i s f a s t . 
2 . R a t i o i s 1:2 
T a b l e 1 0 ; S p e c i f i c c o n d u c t a n c e of O.lMCl a t an i n t e r v a l of 
1 m i n u t e e a c h . 
L e f t R i g h t 
(k i n lOK) (k i n lOOK) (= lOK) 
5 . 5 1.2 12 
5 . 7 1.1 11 
5 . 8 1.1 11 
5 . 7 1.1 11 
5 . 8 1.1 11 
5 . 7 1.1 11 
5 . 8 1.2 12 
5 . 9 1.2 12 
5 . 7 1.2 12 
5 .7 1 .15 1 1 . 5 

















1. Diffusion is fast. 
2. Ratio of sp. cond. of the leftside of the cell compartment 
to that of the rightside is approximately or close to 1:2. 
Table 11: Specific Conductance of 0.15M KCl at an interval of 
1 minute each. 
Left Right 







































9.4 1.6 16 
9.5 1.6 16 
9.5 1.6 16 
9.5 1.6 16 
9.5 1.6 16 
1. Diffusion is fast. 
2. Ratio of sp.conu. of the two sides of the membrane 1:2 
Table 12: Specific Conductance of U.UOOIM Na2HPO^ solution 
Left Right 











1. Diffusion is fast. 
: 1 6 : 
T a b l e 1 3 ; S p e c i f i c C o n d u c t a n c e o f O.OOlM Na^ ^iP^^ s o l u t i o n 
r e c o r d e d ( i n IK) a t an i n t e r v a l of 2 m i n u t e s e a c h , 
L e f t R i g h t 
U.7 2 . 2 
0 . 9 2 . 2 
0 . 8 5 2.2 
0 . 9 2 . 2 
0 . 6 5 1.9 
0 . 7 1.8 
0 . 9 2 . 3 
0 . 7 1.9 
0 , 9 2 . 3 
0 . 9 2 . 3 
0 . 7 1 .8 
0 . 9 2 . 2 
1.9 2 . 3 
1.0 2 . 4 
0 . 7 2 . 0 
0 . 7 2 . 0 
0 . 7 2 . 0 
0 . 7 2 . 0 
0 . 7 2 . 0 
1. Diffusion is fast. 
2. Ratio between 1;2 to 1:2.5 or so. 
: 1 7 : 
T a b l e 1 4 ; S p e c i f i c C o n d u c t a n c e of O.OIM Na2HP0. s o l u t i o n 
( i n IK) a t an i n t e r v a l of 2 m i n u t e s e a c h . 
L e f t R i g h t 
5 . 1 
5 .4 




5 . 5 
5 . 5 
5 . 6 
5 . 6 
5 . 6 
8 . 2 
8 . 2 
9 . 7 
8 . 3 
8 . 3 
8 . 3 
8 . 4 
8 . 4 
8 . 6 
8 . 6 
8 . 6 
1. Diffusion is fast. 
2. Ratio of k(Left)/k(Right) 1:1.5 
Table 15; Specific conductance of 0.IM Na_HPO. solution 
(in the range of lUK) at an interval of 1 minuteeach, 
Left side of the 
membrane 























1. Diffusion is fast. 
2. Ratio li2 
Table 16; Spec i f i c Conductance of 0.15M Na2HP0^ s o l u t i o n 
(in the range of lOK) a t an i n t e r v a l of 1 minute 
each. 
Lef t Right 
4 . 5 7 . 7 
4 . 7 7 . 9 
4 . 6 7 . 8 
4 . 7 7 . 9 
4 . 7 8 . 1 
4 . 9 8 . 1 
x l 9 : 
4 . 9 
4 . 6 
4 . 6 
4 . 6 
4 . 6 
4 . 6 
7 . 7 
7 . 9 
7 . 9 
7 . 9 
7 . 9 
7 . 9 
1 . D i f f u s i o n i s f a s t . 
2 . R a t i o 1 : 1 . 7 
T a b l e 1 7 ; S p e c i f i c c o n d u c t a n c e of 0.0002M NaCl ( i n lOOp mhos) 
a t an i n t e r v a l of 2 m i n u t e s e a c h . 
L e f t s i d e 
3 . 5 
3 . 8 
4 . 0 
3 . 8 
3 . 9 
4.U 
4 . 0 
3 . 9 
3 . 9 
3 . 8 
3 . 9 
3 . 9 
3 . 9 
R i g h t s i d e 
6 . 5 
7 . 0 
6 . 8 
6 . 5 
6 . 6 
7 . 0 
7 . 0 
6 . 7 
6 . 7 
6 . 8 
6 . 8 
6 . 8 
6 . 8 
: 2 0 : 
T a b l e 1 8 ; S p e c i f i c c o n d u c t a n c e of 0.002M NaCl s o l u t i o n 
( i n IK) a t an I n t e r v a l of 2 m i n u t e s e a a h . 
L e f t s i d e R i g h t s i d e 
1.0 
1.0 
2 . 1 
2 . 3 
1 . D i f f u s i o n i s f a s t . 
2 . R a t i o 1:2 
T a b l e 1 9 ; S p e c i f i c c o n d u c t a n c e of U.002M NaCl s o l u t i o n ( i n IK) 
a t an i n t e r v a l of 2 m i n u t e s e a c h . 






2 . 7 
2 . 7 
2 . 8 
2 . 8 
2 . 8 
1 . D i f f u s i o n i s f a s t . 
2 . R a t i o 1:2 
T a b l e 2 0 ; S p e f i c c o d u c t a n c e of U.02M NaCl s o l u t i o n 
L e f t s i d e of t h e 
membrane 
R i g h t s i d e o f t h e 
membrane 
Time i n t e r v a l (k i n IK) Time • (k i n l O K ) ( k i n IK) 
i n t e r v a l 
1 m i n u t e 8 . 3 2 m i n u t e s 1.9 19 

















8 . 3 
8 . 0 
8 . 6 
8 . 5 
8 . 4 
8 . 6 
8 . 6 
8 . 6 








2 . 0 
1 . 9 
1 . 9 
1 . 9 
1 . 9 
1 . 9 
1 . 9 









1 . D i f f u s i o n i s f a s t . 
2 . R a t i o l s 2 
Table 21t Specific conductance of 0.2M NaCl solution at an 
interval of 1 minute each. 
Left side Right side 















1, Diffusion of ions is quite fast. 
2. Ratio of k on the two sides of the pericardial membrane ls2 
:22: 
they are adhered to the pores may initially facilitate 
the diffusion of ions of opposite charges by attracting 
them towards such channels or windows and then pushing 
them through such windows tbwards the other side of the 
membrane due to nearby developed concentration gradients. 
Such a process is found to be quite tast during which 
period a large number of ions are allowed to diffuse thr-
ough the pericardial membrane and eventually the ionic 
conductances reach a sort of saturation point. This may 
be seen to be the case with each of the electrolytic sol-
utions of NaCl, KCl/ and Na Hi-O. solutions (Tables : 1 to 
21). In other words, such an ex ainination of the^ -e tables 
reveals that the diffusion of ions in all the concentra-
tions whether, extremely dilute or relatively much concen-
trated ionic solutions is quite fast. This is true of NaCl, 
KCl as well as those of Na_HPO. solutions. Eventhough the 
concentration of these ionic solutions taken in the two 
cell compartments is same, i.e, 1:1 but due to the fast 
diffusion of ions through the pericardial membrane the 
values of conductances in the two compartments attain a 
ratio close to 1:2 in most of the cases while in that of 
Na„HPO. solutions such a ratio is little lower and these 
ratio are maintained throughout the measurement in almost 
all the solutions as apparent from insignificant changes 
in the conductance values of the two sides of the membrane. 
: 2 3 : 
In o the r words, whatever amount of ions has diffused 
through the biomembrane in a somewhat f a s t process 
t h a t remains almost c o n s t a n t throughout the measurement. 
I t i s a l so noteworthy t h a t the d i f f e r ence in the a c t u a l 
va lues of the conductances in each of the experiments 
(sometimes using the same concen t r a t ion of e l e c t r o l y t e s ) 
may seem to be due to the i n h e r e n t d i f f e r e n c e s in the s i z e 
of the pores due to t he d i f f e r e n c e in age of the animal 
as wel l as due to any o the r c o n s t i t u t i o n a l d i f f e r e n c e s 
which may be a function of a number of f a c t o r s respon-
s i b l e fo r c o n t r o l l i n g the phys ica l n a t u r e of the pores of 
these membranes. 
In the l i g h t of the above pre l iminary i n v e s t i g a t i o n s , 
a through study seems e s s e n t i a l for reaching a g u a n t i t a t i v e 
conc lus ion in r e spec t of t h e phys ica l p rocesses c l o s e l y 
a s soc i a t ed with the b i o l o g i c a l func t ion ing and, i f p o s s i b l e , 
the d e t a i l s of mechanisms respons ib le for such p r o c e s s e s . 
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